In Tables 1, 2 , and 3 we account for volumes and compositions used in total energy calculations. Figure 1 shows our equations of state (EOS) calculated within the EMTO-CPA and PAW-VCA methods. In Figure 2 we compare the EOS for Fe and FeNi alloys with experimental data.
Equations of state
In Tables 1, 2 , and 3 we account for volumes and compositions used in total energy calculations. Figure 1 shows our equations of state (EOS) calculated within the EMTO-CPA and PAW-VCA methods. In Figure 2 we compare the EOS for Fe and FeNi alloys with experimental data.
Effective Cluster Interactions
We have calculated effective cluster interactions in the fcc-and hcp-based Fe-Ni system, using the (screened) generalised perturbation method (GPM), (Ruban and Abrikosov, 2008) . In Fig. 3 (a) we show GPM pair interactions in fcc-Fe 0.875 Ni 0.125 . In the low temperature limit, we find several long-ranged interactions. These are found as far away as in the 10th coordination shell. However, at elevated temperature, interactions beyond the 4th coordination shell are diminished. Comparing with the high pressure interactions, we find the pair-interactions to be increased in strength. Although interactions beyond the second coordination shell are all weakened with temperature, several long-ranged interactions of non-negligible magnitude remain even at 5000 K.
In Fig. 3(b) we may observe how a significant increase in Ni concentration to 50 % greatly enhances several of the interactions in the first few shells but decreases almost all of the long-ranged interactions. Electronic temperature and pressure have the same effects also in this case. Fig. 4(a) shows effective pair interactions in hcp-Fe 0.875 Ni 0.125 . Also here we find non-negligible longranged interactions, displaying the same behaviour with increased pressure and electronic temperature. Increasing Ni concentration to 50 % has the same effect as in the case of fcc, shown in Fig. 4(b) . The diminishing effect of increased temperature on the long-ranged pair interactions can be explained by Fermi surface smearing. Adding other temperature effects, such as ion vibrations, would lead to further strong smearing of the electronic structure, as reported for the case of Mo (Asker et al., 2008) . From this we may conclude that the range of interactions should be even shorter if all effects at elevated temperature were to be included. It is therefore reasonable to assume that for many applications, the interatomic interactions in FeNi alloy at the conditions of the Earth's core can be considered relatively short-ranged -up to 3rd or 4th nearest neighbour shell.
Density of Free Energy States
In Figure 5 we show the density of states, g(E), at high pressure (360 GPa) and temperature, corresponding to the density of free energy states, relative to the Fermi level, E F , for the fcc (a) and hcp (b) phases of Fe and Fe 0.8 Ni 0.2 . Its shape can be correlated with the results presented in Section 3.3 of the main text, which reveal that adding Ni to Fe has opposite effects on the relative fcc-hcp stability at moderate temperature (below 4000 K) and very high temperature (above 4000 K). In particular, below 4000 K, increase of Ni content favours the fcc phase, whereas above 4000 K it favours the hcp phase.
Phase stability of transition metals and their alloys is known to be sensitive to the shape of g(E) around E F (Massalki, 1996) If E F is situated in a local minimum of g(E), the phase appears to be relatively more stable. Conversely, a high density of states in the vicinity of E F indicates destabilisation of the phase.
Beginning at the moderate temperature of 1000 K, we see in Figure 5 (b) that both hcp-Fe and hcp-Fe 0.8 Ni 0.2 show a local minimum at the Fermi level. The impact of adding Ni to Fe is only a small change in the occupancy of the states, which shifts the Fermi level within the local minimum towards a large peak. For fcc-Fe at the same conditions, the Fermi level is seen in Figure 5 (a) to be located close to the top of a peak, and adding Ni shifts the Fermi level towards a local minimum, which translates into relative stabilisation of fcc over hcp.
At the very high temperature of 6600 K, the characteristic peaks in the density of states of both fcc and hcp phases are smeared out, but the pro- files are still quite different. In hcp-Fe, the Fermi level is still close to a pronounced local minimum. With increase of Ni content, the Fermi level is slightly shifted away from the local minimum. In contrast, the Fermi level of fcc-Fe is situated in a very shallow local minimum. Adding Ni results in a redistribution of the states, which changes the profile of g, and the minimum disappears altogether. This means that the fcc phase is unfavourable compared to hcp at these conditions.
The above discussion helps us to rationalise the underlying cause of the different roles played by Ni at low and high temperature in the stabilisation of hcp or fcc crystal structures. It provides an important starting point for a future, more quantitative, investigation of this issue. 
